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ABSTRACT

The work reported here concerns the study of growth characteristtic
of Venezuelan equine encephalitis (VEE) and eastern equine encephalitis
(FEE) viruses propagated in CF cells at high temperatures. VEE virus
was able to form plaques aL 44 C; FEE virus formed plaques to 46 C.
Uninfected CF monolayers could tolerate a maximum temperature of 46 C,
but were kLlled at about 47 C.

Maximal growth rates and virus yields in liquid overlay culturea
were observed to 40 C for VEE virus. Marked inhibition of this virus
occurred al temperatures greater than 40 C. No increase in virus Liter
could be detected at 44 C; at 46 C or greater virus titers dropped
rapidly. The growth ,espon.e of EBE was maximal to 44 C and substantial
viral SLowth took place at ,7 C. Further studies indicated that if CF
monolayera Infected withL VEE virus were transferred from 37 C to 44 C at
different stagas during the viral growth cyclevirus replication was
halted almost iummadiately. In another experiment in which v.rus-inlected
monolayers were transferred from 44 C after various periods of time to
37 C, virus replieation was initiated within four hours after transfer.

These data indicate that the differences in the maximum growth tem-
paraL.res for VER and EZE viru&es appear to be due to the existence of
a virus-induced, temparature-aensitive step in VEE virus synthesis.
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PRECEDING PAGE BLANK

I. INTRODUCTION

The unusual capacity of chick fibroblast (CF) cells to tolerate
temparatures to 46 C afforded the opportunity to study the growth
response of animal viruses at elevated temperatures. The work reported
here concerns the study of growth cbaracteristics of Venezuelan equine
encephalitis (VEE) and eastern equine encephalitis (EEE) viruses propa-
gated in CF cells at high temperatures.

II. MATERIALS AND METHODS

The Trinidad strain of VEE virus and the Louisiana strain of EEE
virus were used in these studies.

CF monolayers were prepared from minced trypsinized ten-day-old
chick embryos. Twenty million to 30 million cells, contained in 5 ml
of growth medium, were added to 60-mm petri dishes. The growth medium
consisted of lactalbumin hydrolyzate, yeast extract, calf serum, and
salts and will be referred to as lactalbumin hydrolyzate medium in
this report. Confluent monolayers were obtained after 24 hours at
37 C in an incubator supplied with a mixture of 5% carbon dioxide in
air.

Temperature studies were performed with a temperature gradient plate
described by Brown* or in an incubator set at 44 C. A photograph of the
temperature gradient plate is shown in Figure 1. The plate is an elongated,
shallow metal box with the top and bottom hinged in back so that it opens
like a sandwich grill. When the box is closed a chamber is formed that
can ho ld four rows of 10- to 60-mm plates. The top and bottom of the
chamber are one-fourth-inch aluminum. piates• each heated at one end by
a strip '..eating element controlled by a :hermostat. Heat applied zo one
end of each plate dissipates tcxrard the opposite end to provide a tempera-
ture gradient. A huimidified m;, ixture of 5% carbon dioxide in air was intro-
dused into the chamber at four lcations and vented at two other points.

In thu)sa studies involving plaque formation, the CF monolayers were
washed twice with phozp aie-bufftred saline (PBS) and then infected with
appropriate di.lutions of <JE. i ELE virus prepared in beef heart infusion
broth. var~s was. adsorbed for 3_ minut,-s and the cultures were ove-rlayed
with lactalbum-n hydrclyzate mediium containing agar. Cultures e ilncu-
ba:=_-s at 37 C fur tc-c7 days. lo determý.ne cell viability and to detect
plaques. :" - monolaye.fs secre then stauned by applying a layer of agar
containing I: 10,00 neutral red.

Brown Artbur. i963. Diffe:.eces in maximum and minimum plaque-forming
-ts.a_:ure- ar.vo: slesed group A arbcviuses. Virology 21:362-372.

Best Available Copy
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Figure 1. Photograph of Temperature Gradient Plate.
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Ill. .RESU LTS

The first experiment was designed to determine the ability of VEE and
EEE viruses to form plaques at elevated temperatures. CF monolayers were
infected with each virus and then placed on the temperature gradient plate
where the temperature range was adjusted between 37 C and 52 C.

CF monolayers were killed by incubation temperatures of 47 C or higher,
as indicated by the loss of the ability to take up neutral red dye
(Table 1). VEE virus was able to forut plaques to a maximum temperature
of 44 C; ZEE virus was able to form plaques to 46 C under the @ame
conditions.

TABLE 1. PLAQUE FORMATION BY VEE AND ZEE
VIRUS ON CHICK FIBROBIAST MONOMAYES

AT ELEVATED TEMPERATURES

Temperature, C VEE EEE

37 41/ +
40 + +
42 + +
44 +
46 tv +
47 M/MD

a. + a plaques present, monolayers
viable.

b. 0 - no plaques ohberved, monoleyers
viable.

c. MD-monc.layere dead, based on inability
to take up neutral red dye.

The capacity of VEE virus to form plaques at 44 C but not at 46 C Is
a shanply defi.,ed characteristic and can be used to separate a relatively
small EEE virus population from a much larger number of VEE virus units
simply by incubation at 46 C, as shown in Table 2. Data in the firet
column of the table wsre obtained from a 0.1-mt volume of a i0" dilution
of VEE virus that c.ontahied approximately 104 piaque-formi!,g units and
was placed on each CF monolayer and then incubat-d in the temperature
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gradient plate. Confluent plaques were formed to 43 C; at 46 C no plaques
were observed, but monolayers appeared viable. In the second column when
a 10' dilution of SEE virus was plated, discrete and countable plaques
were obtained up to 46 C. The third column of this table shows the results
obtained when the two dilutions of VEE and BEE virus, which contained
excessive VER virus, were mixed and used to Infect CF monolayers. Con-
fluent plaquas ware observed Lo 43 C but at 46 C relatively few plaques
were obtained and these were the size of BEE and not of VEB plaques.
When the same virus mixture was used to infect the monolayers and then
anti-REE serum was added to the overlay madium, confluent plaques were
again observed to 43 C but no plaques were observed at 46 C. These data
indicate that the plaques that appeared at 46 C from the VIE-IKE mixture
were actually those of EKE virus.

TABLE 2. SEPARATION-OF EKE VIRUS FROM VIE MIUS
AT ELEVATED TEMPKRATUMES

VIE Ur' dii

U)- vii dil, - u I 0' dii
Temperature, W0" dilutioni/ !IS& A] E 1 -d ' __ +

C dilutio'r 9 9 I0I _ diI Anti-az serumg/

37 Confluent plaques 96 Confluent Confluent
plaques plaques

41 Confluent plaques 96 Confluent Confluent
plaques plaques

43 Confluent plaques 79 Confluent Confluent
plaques plaque.

46 00/ 59 47 0

47 MDI! MD MD MD

a. lrt dilution VEE, approximately 10,000 plaque forming units per plate.
b. Number of plaques/plate.
c. Anti-EEE serum added to nutrient agar overlay.
d. 0 , no plaques observed, monolayers viable.
a. Mb - monolayers dead, based on inability to take up neutral red dye.
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These data further indicate that both viruses can form plaques in CF
cells at unusually high temperatures; however, CF cells that are able to
fortm EEE virus plaques at 46 C cannot form VEE virus plaques. It appears
that a temperature-sensitive step is involved in the synthesis of VNE
virus, but not of EEE virus. it seems likely that the sensitive step is
induced by the virus and therefore reflects a genetic property of the
virus.

In an effort to learn more about the temperature-sensitive mechanism
inVolved in the synthesis of VEE virus, the growth responses of both VEE
avid ZEE viruses under a liquid overlay rpedium were compared at ditferent
growth temperatures. Twenty-four-hour OF monolayers were infected at a
multiplicity of 10. The virus was allcofed to adsorb on the medium for
30 minutes. The infected monolayers were washed twice with 3 ml PBS and
then overlayed with 5 ml lactalbumin hydrolyzate medium containing 10%
calf serum. The plates were placed-on--the -temperature gradient plate and
0.2-m. samples were withdrawn every two hours and assayed for virus titer.
The cultures were not removed from the temperature gradient plate during
the sampling procedure.

The growth of VI2 virus at different temperatur-e is shown in Figure 2.
Maximal growth rates and virus yield were observed at temperatures up to
._virus growth was noted at temperatures
greater -than 40-,, No increase.in virus titer occurred at 44 C. At 46 C'
and greater, virus titers dropped rapidly.

The growth of 2812 virus at various temperatures is shown in Figure 3.
Maximal growth was obtained to 44 , and substantial virus growth was still
observed at 47 0; thereafter virus. titers dropped. At 30 hours after
infection a detectable level of.3E..virus was still present at 50 C,
suggesting that some virus growth occurred even at this temperature.

The diff erence in the growth response of the two viruses to high

temperatutas-does not appear to be related to their heat stability,
since VIE virus held at 50 C in a cell-free medium was far more heat-
stable than ERE virus. Thus, the difference in the maximal growth tem-
perature of these two viruses appears to be due to differences in their
"ability to multiply in the host cell.

The data presented to this point suggest that a virus-induced enzyme
system that is temperature-sensitive above 40 C is involved in the
synthesis of VEE virus. The following studies were performed at the
critical temperature of 4.- C to decermine the nature of the system
involved.
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Fiure 2. Growth Response of VEE Virus at Different Temperatures.
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A large number of CF monolayers infected with U)EE vLrvas wer- p•epat•.-:
at the same time. A control group of plates was placed in a 44 C; i-- :bat 7

, and the remainder were incubated at 37 C. At hourly intervals one grcup
oZ plates was transferred from the 37 C to 44 C( incubator., and at: -
time one plate from each temperature group was assayed for virus t2tsr.
With this system it was possible to determine the affect on the grvw---2,
cycle of transferring cultures from 37 C to 44 C at different but sequantfai
stages after infection. The results of a typical exileriment are sk.elk in

* Figure 4.

An cultures were transferred from 37 C to 44 C, vitus replicatin was
halted almost immediately.- If the plates were -transferred before two
hours the growth curve followed that of the 44 C control cultura. Tran.s-
ferring the cultures after two 'hours resulted in an apparent inhibLti-:n
of virus replication so that tl.A virus titer remained at approximately
the iiau .Ievel that the cultures had at Lime of transfir.

The reverse type of experimant, the effect of tranafsrring VIE virus.".-
infected CF cultures from 44 C to 37 C, is sk-own in Figure 5., The proced-tra
used for sampling and transferring.cultures was the same as that Just
described except that the infected monolayers were placed initially at

f 44 0. Virus growth wam initiated within four hours after tiran&erLng
the cultures to the 37 C incubator. If the cultures are incubated at 37 C0
long enough, the virus titer will eventually reach that.of the 37.G Cc• -.r1
culture. A similar exper'.tent was performed in which the cultures wars
transferred from 44 C to 37 C at 18 hours or later after inUction and
again virus growth was LiLtiated even after 28 hburs at 44 C.

These data indicate that, although the vitus-induced aystem appeaps
to be inhibited by temperaturts of'44 C. it dIoes not seemito.be irravarsibly
damaged. because transferring the cultures back to 37 C reailts. again n
virus synthesis.

In summaey, the data indicate that OF oal-s remaL viable and peftrit
VEE virus repluatLion up re 44 C and EE virus synthasit.up to about - 6
to 47 C. The difference in the manimum growth temperatures for ' a .. •
viruses apphars to be due to the ex-istence of a virus-induced tamparat-:*-,
sensitive step in VE. virus synthesis. VES virus replicatl.n *canr .
halted at any point during its growth cycle.by transfeerring e-fturea to
44 C$ and virus growth initiated by transferring the cultures Uack tv .
37 C, even after 18 hours at 44 C.

The temperature-sens1-tve I tep in VE Lr%-sYMtheeriL JL a. 5'4'.
unknown; however, addftio'nal studiss are underway tca drteru.t-- ,
stage cf virus synthesis within CF calls iL affeAt.A.d by ?ýIgA groih
tempe rat ur es.
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Figure 4. The Effect of Transferring Plates from 37 C to 44. C on Growth
of VEE Virus.
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